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RESEARCHES ON METEORITES . 1 

II. 

The Cases of Nova Orionis and R Geminornm. 

T' HE stars with bright carbon flutings, the same as those seen 
A in comets, are not limited to first-magnitude stars, such as 
a Orionis, but include at least one new star, Nova Orionis. 
Because the latter star lasted but a short time we might expect 
the phenomena presented to be different from those found in the 
first-magnitude star, which is a variable, like others with similar 
composite spectra. Practically there is little difference, for in 
a Orionis, a Herculis, and others of that type, we find well- 
marked dark absorption flutings of manganese, as well as line- 
absorption of sodium and magnesium. 2 The absorptions are not 
so well developed in the Nova, for the reason, perhaps, that 
condensation due to gravity had not taken place to such 
a great extent, so that the heat of the stones themselves was 
not so great, and further because the local absorption around 
each meteorite would be cloaked by the bright radiation of 


the interspaces, which gives, as in comets, the maximum inten¬ 
sity to the bright fluting, wave-length 517. In R Geminorum 
the demonstration of the same meteoric constitution, but without 
the strong absorption, is given by the fact that in that star so 
much of the light proceeds from the vapour produced by the 
meteorites, and from the carbon in the interspaces, that the carbon 
flutings and the bright lines of barium and strontium, and other 
substances present in meteorites, are visible at the same time, 
exactly as they are seen in the glow over a meteorite in an ex¬ 
perimental tube, in which, as the pressure is reduced, the edges 
alone of the carbon flutings are visible, and put on the appear¬ 
ance of bright lines, almost exactly resembling the bright lines 
of the heated meteorites. 

I give on a map the spectra of these two stars side by 
side with the bright flutings of carbon and the dark flutings 
of manganese with a view of showing that, both in the Nova 
and the fi st magnitude one in the same constellation, many 
of the phenomena are the same and are therefore probably pro¬ 
duced by the same cause. Some time after Dr. Copeland’s original 
observations of this star were published, it was pointed out, by 



Duner, Vogel, and others, that some of the bright parts of the 
spectrum observed by him were really coincident with the bright 
parts of the spectrum of a Orionis ; this, of course, is beyond 
question. But in addition to these bright spaces Dr. Copeland 
gives some bright regions which, I think, have not been touched 
by the arguments of Vogel and Duner above referred to. It 
will be observed that in the case of R Geminorum, given on the 
same map as Nova and a Orionis, the bright lines correspond 
almost exactly with the bright spaces shown in the above-named 
stars and certain lines seen in meteorites—that is to say, a 
meteorite glow, when the carbon spectrum is bright, gives us all 
the lines recorded in the spectrum of the star, showing that some 
of the lines correspond with the brightest flutings of carbon. 

There can be no question, I think, that in R Geminorum we 
have another stage, doubtless a prior stage, of the life-history 
not only of the Nova, but of a Orionis itself. 

1 Continued from p. 61. 

2 The manganese absorptions agree with some of the manganese flutings 
seen in the Bessemer flame by Marshall Watts (Phil. Mag. February 1873). 


III. The spectra of meteorites glowing in tubes with the 
bright lines observed in celestial bodies — 

(a) Comparison with the lines seen in nebulas 
when C and F (bright) are either present 
or absent. 

(j8) Comparison with bright lines (not associated 
with flutings) seen in stars. 

a. “ Nebulas.” 

Only seven lines in all have been recorded up to the 
present in the spectra of nebulas, three of which coincide w ith 
lines in the spectrum of hydrogen and three correspond to 
lines in magnesium. The magnesium lines represented are the 
ultra-violet low-temperature line at 373, the line at 470, and the 
remnant of the magnesium fluting at 500, the brightest part of 
the spectrum at the temperature of the bunsen burner. The 
hydrogen lines are h y F, and Hy (434). Sometimes the 500 
line is seen alone, but it is generally associated with F and a 


© 1887 Nature Publishing Group 





















Nov. 24 , 1887 ] 


NA TURE 


81 


line at 495. The remaining lines do not all appear in one 
nebula, but are associated one by one with the other three lines. 
The lines at 500 and 495 and F have been seen in the glow of 
the Dhurmsala meteorite when heated, but the origin of 495 
has not yet been determined. 

The result of this comparison then is that the nebula spectrum 
is as closely associated with a meteorite glowing very gently in 
a very tenuous atmosphere given off by itself as is the spectrum 
of a comet near the sun by a meteorite glowing in a denser one 
also given off by itself when more highly heated. 

Further, it has been seen that the nebula spectrum was exactly 
reproduced in the comets of 1866 and 1867, when away from the 
sun. As the collision of meteorites is accepted for the explana¬ 
tion of the phenomena in one case, it must, faute de mieux , be 
accepted for the other. The well-known constituents of 
meteorites, especially olivine, fully explain all the spectroscopic 
phenomena presented by luminous meteors, comets, and 
nebulae. 

I publi.-hed many years ago an experiment in which I had 
found that the gases evolved from meteorites under some condi¬ 
tions gave us the spectrum of hydrogen and under others the 
spectrum of carbon; but in the globes I then used I was not 
enabled to study the spectrum of the glow itself. 

I should add that the line at 495 makes its appearance much 
more rarely than the one at 500, in meteorite glows. 


$. “ Stars” with bright lines. 

On reference to the maps which I exhibit to the Society, 
though they and the discussion of them are yet incomplete, it 
will be seen that the principal lines which are seen bright 
in star spectra are, if we make due allowance for the 
discrepancies likely to occur in observations attended with 
great difficulties, lines which either have been observed in 
the vapours and gases given off by meteorites in vacuum- 
tubes or which we might expect to see in a combined 
series of observations on meteorites having different chemical 
constituents. Among these lines are H a , Htf, H-*, Ha, 464, 
540, 570, 580, 587; in one case (ist Cygnus) there are lines at 
5065 and 5268, the latter due to iron. The difficulties attend¬ 
ing this part of the inquiry are referred to subsequently, and 
it must be understood that in the absence of a detailed discussion 
especially of the spectra of the “Novas,” which I have not yet 
completed, the opinion I express in the next part of this 
preliminary notice with regard to bright-line stars must be 
regarded rather as suggestions than as final conclusions. 

Discussion of the Maps showing the Bright Lines visible in 
Stars and Nebulce. 

It results from the discussion of the bright lines seen, whether 
associated with the bright lines C and F of hydrogen or not, 



Map 5.—Shows the positions of three of the nebula lines as compared with well-known lines. 


that, while on the one hand we have a class of bodies—the nebulse 
—which give us the lines visible at the lowest temperature of 
chemical elements known to exist in meteorites, we have in the 
other class—the “ stars ” with bright lines—those lines visible at 
somewhat higher temperatures in meteorites. I11 the stars with 
bright lines the two most important lines, which have been 
separately mapped by Vogel, 1 occur at 540 and 582. The 
mean readings of all the observations gives the positions 
of these lines as 540 and 580. In an experiment on the glow 
of a meteorite rich in manganese, the line of Mn at 5395, 
easily seen at the temperature of the bunsen, is distinctly seen 
in addition to the structure-spectrum of hydrogen. There is 
reasonable ground therefore for supposing that this line, the only 
one of the iron group of metals visible at the temperature of the 
bunsen, may be the origin of one of the two lines seen alone in 
the spectrum of these “ stars.” It will be seen that in the map it 
has been easy to arrange all the bright lines hitherto seen in 
stars into one order, in which we begin with this line of 
manganese, and a line of iron seen at the temperature of 
the oxy-coai-gas flame, the wave-length of which is 579. 
As other lines indicating other substances are added to 
these fundamental ones, we pass from those stars in which 
1 Potsdam Observations , vol. iv. No. 14. 


C and F are not visible to those in which they make their 
appearance. Here, however, it is necessary to move with 
caution, because it may be that we are in presence of some of 
the lines visible in the structure-spectrum of hydrogen. The 
chief lines of hydrogen, as seen in the end-on tube when the 
conditions are such that C and F are not visible, have been 
already stated. Some of the lines observed in these stars, 
even the one at 540, have been found to be very nearly coincident 
with bright lines seen in the structure-spectrum, as well as with 
lines seen in the spectra of meteorites. 

The suggestion, therefore, that some of the lines seen in 
bright-line stars are lines of cool hydrogen must be noted, 
although there are strong grounds for-rejecting it, as will shortly 
appear. One objection is that strong lines of the II structure 
at 607-610 and 574 have not been recorded in star spectra with 
those at 540 and 580. 

In the nebulse (see Map 5) we deal chiefly with lines seen in the 
spectrum of magnesium at the lowest temperature ; and these, as 
far as observations go, have not yet been associated with the lines 
at 540 and 580 to which reference has just been made, although 
they may or may not be associated with the bright lines C and F of 
hydrogen. In the nebulse, however, no lines coincident with the 
lines of cool hydrogen have been observed. It will be seen, there- 
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fore, that we have here again strong ground for rejecting the view 
that the lines seen in “stars” at 540 and 580 are due to cool 
H, for since hydrogen is common to both nebulae and stars, there 
is no reason why structure lines should occur in “stars” any 
more than in nebulse. 

Another ground for rejecting cool hydrogen as the origin of 
any of the lines in “stars” is that the structure-spectrum of 
hydrogen is only seen in confined glows, which is just the condi¬ 
tion which cannot occur in space. 

At the same time, the apparent coincidences of many meteorite 
lines with structure lines of hydrogen greatly increases the 
difficulties of laboratory work ; in fact, the structure-spectrum of 
hydrogen is to observations of meteorite glows in the laboratory 
what continuous spectrum is to observations of bright lines in 
stars. 

If it be agreed that we are not dealing with cool hydrogen, 
then it will follow that the only difference between celestial 
bodies with bright lines in their spectra comes from no differ¬ 
ence of origin or chemical constitution, but from a difference 
of temperature. 

At one point in these researches I was under the impression 
that the differences in the systems of bright lines seen in the 
nebulas and the bright-line stars might arise from .a preponder¬ 
ance of irons or stones in the swarms. But I was led to abandon 
this idea, not only by the observation of the meteoritic glows, 
but by the consideration that even telescopically the “stars” 
in question are more condensed than the nebula?. 

The spectrum of the nebulae, except in some cases, is associated 
with a certain amount of continuous spectrum, and meteorites 
glowing at a low temperature would be competent to give the 
continuous spectrum with its highest intensity in the yellow part 
of the spectrum ; so that in this way we should understand 
that lines due to any gas or vapour in that part would be very 
much more likely to escape record than those in the part of the 
spectrum which the continuous spectrum hardly reaches. The 
general absence, however, of bright lines of metallic vapours, 
except 495 and 500, and of the bright lines of hydrogen, evidently 
justifies the conclusion that we are here in presence of those 
bodies in celestial space, connected with which the temperature 
and the electrical excitation are at the minimum, and it is very 
remarkable how the lines seen in a Geissler tube under the con¬ 
ditions stated, when either magnesium, or olivine, or other 
meteoric constituents are made to glow, should appear, one may 
almost say, indiscriminately among the orders of bodies in the 
heavens which up to the present time have been regarded as 
so utterly different in plan and structure as stars and nebulae. 

The records of purely continuous spectra in the case of many 
nebulae, as, for example, the Great Nebula in Andromeda, is 
in all probability an indication of our inability to observe them 
properly. For a nebula to give a perfectly continuous spectrum, 
it is evident that the component meteorites must- be incandes¬ 
cent, but still at a lower temperature than that required to give 
bright lines. Now, the Mg line 500 is seen in some of the 
faintest nebulae, where there is little or no continuous spectrum, 
and it therefore seems likely that these are at a lower tempera¬ 
ture than the nebulae said to give perfectly continuous spectra. 
This being so, it is difficult to believe that other lines, which 
require a somewhat higher temperature for their existence than 
the line at 5°°> do not: become visible at this increased 
temperature. 

There can be little doubt that when our instrumental ap¬ 
pliances and observing conditions become more perfect it will, 
be found that the so-called continuous spectra are really discon¬ 
tinuous. There is, indeed, an element of doubt as regards some 
of the existing observations ; thus, the spectrum of the com 
panion to the Great Nebula in Andromeda appears to end 
abruptly in the orange, and throughout its length is not uni¬ 
form, but is evidently crossed by lines of absorption or by bright 
lines (Huggins, Phil. Trans, vol. cliv. p. 441). 

Again, the Great Nebula in Andromeda is generally regarded 
as having a continuous spectrum pure and simple, but an 
observer at Yale College (name not stated) has observed three 
bright lines in its spectrum ( Observatot y , vol. viii. p. 385). The 
lines are—the F line of hydrogen, and two other lines at wave¬ 
lengths 5312*5 and 5594‘o. The latter two lines are mentioned 
by the same observer as bright lines in y Cassiopeias and & Lyra?,, 
and are recorded by Sherman (Astr. Nach . , No. 2.591) as bright 
lines in these stars and in Nova Andromedae. No other observa¬ 
tions with which I am acquainted give these two lines in y 
Cassiopeise or fi Lyras, but Maunder (. Monthly Notices, vol. xlvi. 


p. 20) gives them as two of the lines seen in Nova Andromedae. 
It is possible, therefore, that the two lines in question, in the 
Yale College observation, had their origin in Nova Andromedae ; 
at all events ihere is no evidence to show that they are visible in 
the Great Nebula of Andromeda under normal conditions. 

It is not impossible that the lines at 540 and 580 may be 
eventually traced in some of the brightest nebulae, since these 
are apparently the lines next in order, as regards temperature, 
to the Mg line 500. 

It is right that I should here point out that some observers 
of bright lines in these so-called stars have recorded a line in 
the yellow which they affirm to be in the position of I) 3 ; while 
on the other hand, in my experiments on meteorites, whether in 
the glow or in the air, I have seen-no line occupying this position* 

I trust that some observer with greater optical-means will think 
it worth his time to ma,ke a special inquiry on this point. The 
arguments against this line indicating the spectrum of the so-called 
helium are absolutely overwhelming. The helium line so far has 
only been seen in the very hottest part of the sun which we can 
get at. It is there associated with b and with lines of iron which 
require the largest coil and 1 he largest jar to bring them out, 
whereas it is stated to have been observed in stars where the 
absence of iron lines and of b shows that the temperature is very 
low. Further no trace of it was seen in Nova Cygni, and it has 
even been recorded in a spectrum in which C was absent. 

It is even possible that the line in question merely occupies the 
position of D 3 by reason of the displacement of D by motion of 
the “stars” in the line of sight. On this point no information is 
at hand regarding any reference spectrum employed. If, how¬ 
ever, it should eventually be established that the line is really D 3 , 
which probably represents a fine form of hydrogen, it can only 
be suggested that the degree of fineness which is brought about 
by temperature in the case of the sun is brought about in the 
spaces between meteorites by extreme tenuity. 

The Case, of Nova Cygni. 

The case of Nova Cygni is being discussed, and it appears 
likely that this “star ” pa-sed through all the stages of tempera¬ 
ture represented by “stars” with bright lines, comets, and 
nebulas. In the initial stage, the principal lines recorded were 
those of hydrogen, cool magnesium, and sodium. At a later 
date, in addition to these, lines apparently indicating hotter 
magnesium and carbon were observed. On the date of its 
highest temperature (December 8, 1876) the lines observed by 
Vogel indicate Ii, Na, Mg, C, Fe, Mn, and Ba, the “star” 
having then, it would appear from the discussion so far as it has 
yet gone, approached the condition of the great comet of 1882 
at perihelion. The Fe, Ba, C, and Na gradually disappeared, 
then the hydrogen followed, and the last stage of all was that in 
which Mg (500) appeared alone, as in the comets of 1866-67 
and in nebulas. The complete discussion, however, must be 
reserved for a future communication. It is sufficient to say here 
that it is very probable that all the spectroscopic phenomena of 
Nova Cygni will admit of explanation on the supposition that 
it was.produced by the collision of two swarms of meteorites. 
The outliers were fiist engaged, and at the maximum the denser 
parts of the swarm. 

Difficulties connected with the D 'scussion. 

An inspection of the maps, on which are shown all the ob¬ 
servations already made upon bright lines recorded in the spectra 
of celestial bodies, will indicate at first sight an apparent variation 
of the positions of the lines greater than might have been ex¬ 
pected. This, however, I think will vanish on the consideration 
of the whole question ; and for 11.y part certainly all the exami¬ 
nations which I have been able to make have led me to the 
conclusion that the various observations have been far better than 
it was almost possible to hope for when the great difficulties of 
the observations themselves are considered. 

When it is remembered that, in order to get a determination 
of the position of a bright line, comparison-spectra and prisms 
are needed, and that, from mechanical considerations alone, 
the application of the e aids to research is very frequently 
attended with difficulties and uncertainties ; and further, when 
we consider that many of the observations have been neces¬ 
sarily made without these*aids; the striking coincidences on 
the reaps become of very much greater importance than the 
slight variations seen between the positions of the same line 
recorded by different observers in the same star. 
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It will be observed, too, that the information in some cases is 
fuller in the blue part of the spectrum. Here again a reference to 
what the maps are really intended to show is necessary. The maps 
do not show the complete spectrum observed, but only the bright 
lines recorded in it. The actual observations have really consisted 
in picking out these bright lines from the background of con¬ 
tinuous spectrum, whether in stars, nebulae, or comets ; and, as 
the continuous spectrum will be generally brightest in the yellow 
and green, so in this part of the spectrum we must expect, first 
of all, to get the least information, and then, when the infor¬ 
mation is obtained, to get the greatest uncertainty, on account 
of the difficulty brought about by the greater luminosity of the 
background on which the line appears. 

The discussion by Hansel berg and others of the various ob¬ 
servations of comets which have been made from time to time 
indicates that under certain circumstances, where men of the 
highest skill and with the greatest care have determined the 
wave-lengths of the carbon bands, discrepancies exist too great 
to admit of their being attributed to errors inherent in this branch 
of observatio i. 

If for a moment we consider alone the two bright flutings 
visible in the spectrum of carbon, one with its bright edge just 
more refrangible than b 4 —this is the high-temperature spectrum 
—and the other—the low-temperature spectrum—with a fluting 
just less refrangible than b x , it is at once suggested that sudden 
changes in comets may very likely be accompanied by a transi¬ 
tion from one condition of carbon vapour to the other, so that 
on this account apparent discrepancies in the measurements of the 
same comet at different times may represent real facts. Then 
again we have the motion of the swarm along its orbit, which 
in some cases we know is comparable to the velocity of light, so 
that variations of wave-length are produced as indicated in 
comet 1882. We also have the possibility that jthe velocity of 
the vapours in the jets, and that due to the electric repulsion— 
which, according to Zollner’s view, is the origin of comets’ 
tails—may also produce changes of refrangibility. 

Although as a rule the bright fluting seen in comets appears 
to be that due to high temperature, this is apparently not always 
the case. In the experiments on the glow of magnesium wire, 
the flutings of carbon have always been seen, and when the 
vacuum is approached the flutings have been those of the low- 
temperature spectrum. When the glow of the metal is seen 
under certain conditions, mixed with carbon vapour, b x and b 2 
are seen as bright dots or short lines inside the carbon fluting, 
exactly as they were observed, probably, by Huggins in Brorsen’s 
comet (Proc.R.S., vol. xvi. p. 386). 


Authorities used in the Maps. 

The map showing the bright lines in Stars is based upon the 

following authorities :—• 

3rd Cygnus, B.D. H- 36° No. 3956, R.A. 20I1. 10m. 6s., 
Deck + 36° 18'. 

Vogel.— Publicationen des As trophysikalischen Observa- 
toriums zu Potsdam , vol. iv. No. 14, p. 19. 

2nd Cygnus, B.D. + 35 No. 4013, R.A. 20I1. 7m. 26s., 

Deck + 35 0 50'*8. 

Vogel.— Publicationen des Astrophysikalischen Observa- 
t or turns zu Potsdam , vol. iv. No. 14, p. 19. 

Wolf and Rayet.— Comptes renius , vol. lxv. (1867), 
p. 292. The wave lengths were obtained from a 
curve based on the measurements given. 

Argelander-Oeltzen 17681, R.A. i8h. im. 21s., Decl. - 21 0 

i 6 #, 2. 

Vogel.— Publicationen des Astrophysikalischen Observa- 
toriums zu Potsdam , vol. iv. No. 14, p. 15. 

Pickering.— Astronomische Nachrichten , No. 2376. 

Pickering.— Observatory , vol. iv. p. 82. 

7 Argus, R.A. 8h. 5m. 56s., Decl. - 46° 59'*5. 

Copeland.— Copernicus , vol. iii. p. 205. 

Ellery Observatory, vol. ii. p. 418. 

Stone 9168 (starin Scorpio), R.A. i6h. 46m. 15s., Decl. — 41 0 
37 '' 6 . 

Copeland.— Copernicus, vol. iii. p. 205. 


1st Argus, R.A. 8h. 51m. is., Decl. - 47 0 S'. 

Copeland.— Copernicus , vol. iii. p. 206. 

2nd Argus, R.A. loh. 36m. 54s., Decl. - 58 s 8'. 

Copeland.— Copernicus , vol. iii. p. 206- 
Gould 15305 (Argo), R.A. nh. 5m. 19s., Decl. - 6o° 21'. 
Copeland. — Copernicus , vol. iii. p. 205 . 

Star in Centauri, R.A. 13I1. ion. 37s., Decl. — 57 ° 3 1 '* 
Copeland.— Copernicus , vol. iii. p. 206. 

Star in Cygnus, B.D. + 37 0 No. 3821, R.A. 20I1. 7m. 48s., 
Decl. + 38° o' 1. 

Copeland.— Mon tidy Notices of the Royal Astronomical 
Society , London, vol. xlv. p. 90. 

Lalande 13412, R.A. 6h. 49m. 15s., Decl. - 23° 46'* 3 . 

Vogel.— Publicationen des Astrophysikalischen Ooserva- 
toriums zu Potsdam, vol. iv. No. 14, p. 17. 
Pickering.— Astronomische Nachrichten, No. 2376. 

1st Cygnus, B.D. + 35 0 No. 4001, R.A, 20I1. 501. 483., Decl. 
+ 35 ° 49 ' 7 - 

Vogel.— Publicationen des Astrophysikalischen Observa- 
toriums zu Potsdam , vol. iv. No. 14, p. 17. 

7 Cassiopeim, R.A. oh. 50m. 4 5 -> Deck + 6o° f‘2. 

Vogel.— Publicationen des Astrophysikalischen Observa - 
toriums zu Potsdam , vol. iv. No. 14, p. 15* 

Vogel ,—Beobachtungen zu Boihkamp , Heft ii. p. 29. 
Gothard.—■ Astronomische Nachrichten , No. 2581. 
Konkoly. —Quoted by Gothard in Astronomische Nach¬ 
richten, No. 2581. 

Observatory , vol. vi. p. 332. 

j8 Lyr«, R.A. i8h. 45m. 55s., Deck + 33° i3'-9. 

Vogel.— Publicationen des Astrophysikalischen Observa- 
toriums zu Potsdam , vol. iv. No. 14, p. 15* 

Vogel.— Beobach ungen zu Bothkanip, Heft i. p. 33. 
Gothard.— Astronomische Nachrichten , No. 2581. 

The map showing the bright lin^s in Nebula is based upon the 
following authorities :— 

Nebula in Orion. 

Huggins—Proceedings R. S. vol. xiv. p. 39. 

Planetary Nebula, R.A. 2ih. 22m., Dock + 47 0 22'. 

Copeland. — Copernicus , vol. i. p. 2. 

Planetary Nebula. 

Vogel.— Mmitsberichte der Akademi: der Wissenschaften 
zu Berlin, April 1878, p. 303. 

No. 4572, 2075b., 16 H. iv. R.A. 20b. 16m. 7'9s., N.P.D. 
7o°2o' I9"*3. 

Huggins.—Philosophical Transactions, vol. clvi. p.' 385. 
Comet 1866. 

Huggins.—Proceedings R. S. vol. xv\ p. 5. 

Nova Cygni. 

Lord Lindsay and Dr. Copeland. — Copernicus , vol. ii. 
p. 109. 

The map showing the coincidences of flutings of carbon, 
manganese, and zinc, with bright lines and flutings in stars and 
comets, and i 1 a meteorite glow, is based upon the following 
authorities : — 

Hydrocarbon. 

Low-temperature carbon ... [-Work at Kensington, 
High-temperature carbon ... j 

Comet b 1881. 

Copeland. — Copern hits, vol. ii. p. 225. 

Manganese flame. 

Lecoq de Boisbaudran.—“ Spectres Lumineux.” 

Work at Kensington. 

Nova O.ionis. 

Copeland.— Monthly Notices of the Royal Astronomical 
Society, vol. xlvi. p. 109. 
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a Orionis. 

Vogel .—Beobachtungen zu Bothkamp , Heft. i. p. 20. 

R Geminorum. 

Vogel. —Astronomische Nackrichten , No. 2000. 

Meteorite Glow. 

Work at Kensington. 

Schjellerup 152. 

Vogel .-—Publicationen des Astropkysikalischen Observa- 
toriums zu Potsdam, vol. iv. No. 14, p. 30. 

On the Absorption Phenomena of Stars with Bright Lines. 

In addition to the map showing the bright lines visible in those 
stars the spectra of which contain them, I have prepared 
another map showing the absorptions which also occur. The 
two maps present a remarkable agreement—that is to say, there 
is the same progression in the absorption phenomena as there is 
in the bright-line phenomena. In those stars in which bright 
lines are seen without the lines of hydrogen (in which stars the 
meteorite swarm is probably at a slightly higher temperature 


than that observed in the nebula when only the line at 500 is 
visible) we have no marked absorption-lines, but rather bands. 
When the hydrogen lines are added, as in y Cassiopeise, then we 
get the absorption of sodium and b of magnesium, as we should 
expect. The individual meteorites therefore are much cooler in 
these stars than in the Novas, seeing that the absorption is so 
little developed. Speaking generally, therefore, we may say 
that there are two causes of minimum absorption phenomena in 
stars. In the first place, as in the bright-line stars, only little 
vapour surrounds each meteorite, and that vapour consists of 
the substances visible at the lowest temperature ; while, on the 
other hand, in stars like Sirius, in consequence of the absolute 
state of vapour, we only get practically the absorption of hydro¬ 
gen, or at all events the absorption of hydrogen in great excess, 
due, I have very little doubt, in part, to the fact that most other 
substances have been dissociated by the intense heat resulting 
from the condensation of the meteorites. 

Notes on the Provisional Temperature Curve. 

In order to bring the various results referred to in this 
communication in a definite form before my own mind, I have 
prepared a diagram which I have called a temperature curve, so 
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that on one side of it we may consider those stages in the 
various heavenly bodies in which in each case the temperature is 
increasing, while on the other arm of the curve we have that 
other condition in which we get first vaporous combination, 
and then ultimately the formation of a crust due to the gradual 
cooling of the mass. At the top of such a curve we shall of 
course have that condition in which the highest temperature 
must be assumed to exist. In a letter to M. Dumas in the year 
1872, I suggested that possibly the simplification of the spectrum 
of a star might be associated with the highest temperature of the 
vapour, and that idea seems to have been accepted by other 
observers since that time. We shall have then stars of the 
first class at the top of the temperature curve. On the one 
arm of the curve representing increasing temperature we shall 
have at various heights those aggregations which give us indica¬ 
tions of a gradually increasing temperature brought about by 
collisions, beginning with meteorites as widely separated as they 
can be to keep up any luminosity at all, and finally vaporous 
condensations due to gravity. 

On the arm of the curve descending from stars of the first class 
to dark bodies like, say, the companion to Sirius, we must place 
those bodies where absorption of compound molecules is indi¬ 
cated. This we find in stars of Class III .b of Vogel. But 


here a very interesting question arises. Between stars of the first 
class and that of III.£ we are bound to insert stars of Class II., 
already located naturally on the ascending arm. 

The Case of Equal Temperatures on Either Side of the Curve. 

Speaking roughly, it may be said that the construction of such 
a curve as this suggests that similar or nearly similar tempera¬ 
tures will be found on either side. This in the main, of course, 
is true ; but it must be pointed out that, on the rising curve, the 
temperature will be that, as a rule, of individual meteorites and 
the vapours given out by them, while on the descending arm 
it will be the temperature of the consolidated mass, whether 
vaporous or becoming solid. But it is obvious that if we take 
two points near the top of the curve we shall have very 
nearly the same temperature of the atmosphere, by which I 
mean the temperature of the layers in either case which are most 
effective in producing the phenomena of absorption. To take 
a concrete case, stars of the second class are obviously, by the 
consent of all, of a lower temperature than stars of the first class : 
on which side, therefore, of the curve must they be placed ? Or, 
to take a more concrete case still, our sun is a star of the second 
class : on which arm of the curve must we place the sun ? Here 
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we find ourselves in a position of some difficulty, but it would 
appear that future work may enable us really to divide stars of 
the second class into two series, and if we can do so there is 
very little doubt that one series will represent the phenomenon 
of decreasing temperature of the absorbing layers, while the 
other series will represent the phenomenon of increasing 
temperature. 

What considerations are likely to help us in such an inquiry 
as this ? The atmosphere of a star built up by meteorites should 
resemble in its constitution the totality of the chemical constitu¬ 
tion of meteorites, and therefore it might be inferred that the 
spectroscopic phenomena presented by such an atmosphere 
would not be widely different from the spectroscopic pheno¬ 
mena presented by the vapours of many meteorites volatilized 
together. 

To investigate this question I have obtained composite photo¬ 
graphs of the spectra of several meteorites, with a solar spectrum 
for purposes of comparison. I find that, while, on the one 
hand, the composite photograph giving us the spectrum of 
the meteorites greatly resembles that of the sun, as it should 
do, there are some variations which suggest the line of separa¬ 
tion to which I have before alluded. From Dr. Huggins’s mag¬ 
nificent photographs of the stars we have learned that, as I 
had predicted years before the photographs were taken, the 
thickness of H and K varies very greatly in different stellar 
spectra. In those stars, presumably the hottest ones, in which 
we get the series of hydrogen lines almost alone as great ab¬ 
sorbers, K is almost absent ; it finally comes in, however, and 
after a certain stage has been reached it is the most important 
line in the spectrum. But there are stars in which the lines h 
and G of hydrogen are not very much more developed than they 
are in the case of our own sun, in which K is much thinner than 
in the solar spectrum ; and associated with this condition of K 
there is the absorption of a hydrogen line more refrangible 
than K at wave-length 3800, which is not represented in the 
solar spectrum with anything like the intensity. The question 
arises, therefore, whether the enormous thickening of K ob¬ 
served in the sun and some other stars may not be limited to 
those stars which, like our sun, are reducing their temperature ; 
for we certainly are justified in assuming that the temperature of 
the sun now is not so high as it was in an earlier stage of the 
development of the system. Such a difference as that, if it is 
subsequently established, can only come from the atmo¬ 
sphere, as an effect of cooling, becoming richer in those sub¬ 
stances the lines of which get broader as the star cools down. 
We can easily imagine that during the process of cooling the 
relative quantities of the vapours should not always remain 
constant, although it is impossible in the present state of our 
knowledge to give any particular reason why such and such 
vapours should disappear from the spectrum in consequence of 
chemical combination, while others should develop apparently in 
consequence of their retirement. 

Hydrogen plus Carbon indicates Mixed Swarms. 

If we assume a brightening of the meteor-swarm due to 
collision as the cause of the so-called new stars, we have good 
grounds for supposing that in these bodies the phenomena should 
be mixed, for the reason that we should have in one part of the 
swarm a number of collisions probably of close meteorites, 
while among the out-Iiers the collisions would be few. We 
shall in fact have in one part the conditions represented in 
Class III,a, and in the other such a condition as we get in 7 
Cassiopeise. I have in another part of this paper discussed the 
flutings observed in Nova Orionis, and have shown that so far 
as they were concerned we have the radiation of carbon and the 
absorption of manganese; but there is evidence to show that 
with these fluted appearances bright lines were observed—D 3 
and F, although no mention is made of C. 1 

We have here, there is little doubt, the vera causa of stellar 
long-period variability. 12 per cent, of stars of Class lll.a are 
variable, and 9 per cent, of Class III .b. In the one case, meteor- 
swarms produce the increased brightness by colliding with those 
of the condensing one. In the other, they do so by their peri- 
astron passage round the dim condensed one. There is no 
variability, in the usual sense of the word, in stars like the sun 
and a Lyras, and the reason is now obvious. 

1 Konkoly, Astr. Nach. 2712, Dgand F; Ricco indicates D 3 in Astr. Nach. 
2707. 


The Conditions of Collisions of Meteorites. 

The Chemical Elements most frequently determined in Meteorites. 

I think it well to give here as a reminder a short table showing 
the chief substances met with in meteorites. It will indicate the 
cause of the continued reference to the spectra of Mg, Fe, and 
Mn in what follows. 

SIDERITES. 

Nickel-iron, copper, manganese. 

Troilite = FeS. 

Graphite. 

Schreibersite = iron and nickel phos¬ 
phide. 

Daubreeite = iron and chromium sul¬ 
phide. 

SIDEROLITES. 

CHONDRITIC— 

(a) Non-carbonaceous = Olivine = chrysolite = peridot = 
(MgFe) 2 0 4 Si = Si 0 2 4 1 ’ 3 > MgO 
50*9, FeO 77. 

Enstatite MgOgSi = Si 0 2 60, MgO 
40. 

Rronzite = enstatite in which some 
Mg is replaced by Fe. 

Nickel-iron, manganese. 

Troilite. 

Chromite = iron protoxide 32, chro¬ 
mium sesquioxide 68, + At and 
Mg. 

Augite = pyroxene, Si 0 2 $ 5 , Ca023, 
MgO 16, MnO 0*5, FeO 4. 

Silicate of calcium, sodium, and 
aluminium. 

{$) Carbonaceous .. ... Carbon in combination with H and O. 

Sulphates of Mg, Ca, Na, and K. 

NON-CHONDRITIC = Anorthite. 

Enstatite. 

Bronzite. 

Olivine. 

Augite. 

Troilite. 

The Numbers op Meteorites in Space. 

It is well known that observations of falling-stars have been 
used to determine roughly the average number of meteorites 
which fall on the earth each twenty-four hours ; and having this 
datum to determine the average distance apart between the 
meteorites in those parts of space which are traversed by the 
earth as a member of the solar system, Dr. Schmidt, of Athens, 
from observations made during seventeen years found that the 
mean hourly number of luminous meteors visible on a clear 
moonless night by one observer was fourteen, taking the time of 
observation from midnight to I a. m. 

It has been further experimentally shown that a large group of 
observers who might include the whole hemisphere in their ob¬ 
servations would see about six times as many as are visible to 
one eye. Prof. H. A. Newton and others have calculated that 
making all proper corrections the number which might .be visible 
over the whole earth would be a little greater than 10,000 times 
as many as could be seen at one place. From this we gather 
that not less than twenty millions of luminous meteors fall upon 
our planet daily, each of which in a dark clear night would pre¬ 
sent us with the well-known phenomenon of a shooting-star. 

This number, however, by no means represents the total 
number of minute meteorites that enter our atmosphere, because 
many entirely invisible to the naked eye are often seen in tele¬ 
scopes. It has been suggested that the number of meteorites if 
these were included would be increased at least twenty-fold : this 
would give us 400 millions of meteorites falling on the earth’s 
surface daily. If we consider, however, only those visible to 
the naked eye, and if we assume that the absolute velocity of the 
meteors in space is equal to that of comets moving in parabolic 
orbits. Prof. H. A. Newton has shown that the average number 
of meteorites in the space that the earth traverses is in each 
I volume equal to the earth about 30,000. This gives us a result 
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in round numbers that the meteorites are distributed each 250 
miles away from its neighbours. 1 

If, then, these observations may be accepted to be good for 
any part of space, we may, and indeed must, expect celestial 
phenomenon which can be traced to meteorites in all parts of 
space. 

Further, we have the experience of our own system that these 
meteors are apt to collect in groups. 

A comet, it is now generally accepted, is a swarm of meteors 
in company. Such a swarm finally makes a continuous orbit by 
virtue of arrested velocities ; impacts will break up large stones 
and will produce new vapours in some cases, which will con¬ 
dense into small meteoroids. 

A meteorite in space under any of the conditions indicated by 
the comets, new stars, and such first-magnitude stars as a Orionis, 
will evidently be subject to collisions, but only to a greater 
number of collisions than those which must ordinarily occur if 
space is as full of meteorites as Prof. Newton’s calculations, from 
observations made on the earth, would naturally seem to indicate. 

The Velocity of Luminous Meteors . 

In spite of the difficulties which attend the observations 
necessary to determine the velocity of meteors entering our 
atmosphere, many observations have been made from which it 
may be gathered that the velocity is rarely under 10 miles a 
second or over 40 or 50. It is known that the velocities of some 
meteor-swarms are very different from those of others. Prof. 
Newton, our highest authority on this subject, is prepared to 
consider that the average velocity may be taken to be 30 miles a 
second. 

Result of Collisions . 


attributed by him also to some unknown form of hydrogen on 
account of its coincidence with one of the series of hydrogen lines 
in the ultra-violet observed in the spectra of stars of the first 
class. 


“ New Stars ” due to Collisions of Meteorites. 

The idea that the Novas which appear from time to time are 
due to collisions of meteorites was, I think, first advanced by 
myself in 1877? when I wrote in connection with Nova Cygni:— 

“The very rapid reduction of light in the case of the new star 
in Cygnus was so striking that I at once wrote to Mr. Hind to 
ask if any change of place was observable, because it seemed 
obvious that, if the body which thus put on so suddenly the 
chromospheric spectrum were single, it might only weigh a few 
tons, or even hundredweights, and, being so small, might be 
very near us. Mr. Hind’s telescope was dismounted, and I 
have not yet got any information as to change of position ; and 
as I am now writing in the Highlands, away, from all books, I 
have no opportunity of comparing the position now given by 
Lord Lindsay in R. A. 2ih. 36m, 52s., Deck + 42 0 16'53", with 
those given on its first appearance by Winnecke and others. 

“We seem driven, then, from the idea that these phenomena 
are produced by the incandescence of large misses of matter, 
because if they were so produced, the running down of brilliancy 
would be exceeding slow. 

“Let us consider the case, then, on the supposition of small 
masses of matter. Where are we to find them? The answer is 
easy : in those small meteoric masses which, an ever-increasing 
mass of evidence tends to show, occupy all the realms of 
space.” 1 


If we take these velocities as representing what happens in 
other regions of space, and assume the specific heat of the 
meteorites to be TO, the increase in their temperature when 
their morions are arrested by impacts will be roughly as 
follows :— 


Velocity 1 mile per second 

3 3 IO >3 

„ 20 „ 

,3 30 33 

33 60 ,, 


3,000° 
300,000° 
1 , 200 , 000 ° 
2,700,000° 
10,800,000° 


c. 


It is clear, however, that we should under the conditions 
stated be more frequently dealing with grazes than collisions-. 


Comets due to Collisions of Meteorites. 

The fact that comets are due to swarms of meteorites was first 
established by Schiaparelli in 1866, when he demonstrated that 
the orbit of the August meteors was identical with that of the 
bright comet of 1862. 2 

Nebulce due io Collisions of Meteorites. 

So far as I know the first suggestion that nebulas were really 
in some manner associated with meteorites and not with masses 
of gas was made by Prof. Tait in 1871. 3 I have used the sug¬ 
gestion in my lectures ever since, and it is now some years ago 
since I put it to an experimental test by showing that both the 
spectra of comets and nebulas, so far as carbon and hydrogen 
were concerned, could be produced from a vessel containing the 
vapours produced by meteorites. More recently, M. Faye has 
stated in his works on the nebular hypothesis that the solar nebula 
may as probably have consisted of a cloud of stones as of a mass of 
gas. This view, however, has not been favoured by Dr. Huggins, 
who in his observations both on nebulas and comets has inferred 
from the near coincidence of the line of 500 with the strong air 
line that we are probably in presence of nitrogen, or of a form of 
matter more elementary than nitrogen ; the line at 373 being 

1 Article on ** Meteorites,” Prof. Newton, *• Encyclopaedia Britannica,” 
vol. xvi. 

2 Letters to Father Seechi, printed in the Bollettino of the Collegio 
Romano, and reproduced in Les Mondes, t. xiii. 

3 “ It seems to me that we have a series of indications of what (for want of 
a better phrase) may be called the period of life of a star or group, beginning 
with the glowing gases developed by impacts of agglomerating cold masses 
(planetary nebula: and others irresolvable, such as these of Orion, Lyra, 

where the spectrum consists of a very few bright lines only)” (Prof. 
Tait, Proc. R.S. Edin., 1871). 


The Effects of Collisions. 

The question of what must happen to the meteorites them¬ 
selves in consequence of this system of collisions is worth going 
into thoroughly. A very cursory examination seems to indicate 
that much light is thrown on the condition of meteorites as we 
know them, and their division into iron and stony. 

As 30 miles per second is a very frequent value obtained for 
the velocity of meteorites when they enter our atmosphere, it is 
possible to compare temperatures brought about by collisions 
with those produced by passage through our atmosphere. Two 
masses of meteoric iron meeting each other in space would pro¬ 
bably, if moving with a certain velocity, be formed into a pasty 
conjoined mass, and this process might go on until an iron of 
large dimensions was formed, and the various meteorites thus 
welded together would present in time a very fragmentary 
appearance. While irons were thus increasing in size, collisions 
with smaller meteorites would be attended with very local in¬ 
creases of temperature, perhaps sufficient to volatilize the surface 
or allow it to be indented, and in this manner the well-known 
“ thumb-marks ” receive explanation. 

The masses of iron, when in a state of fusion, whatever 
their size, would be able to include stony meteorites in their 
vicinity. In the case of stones it is easy to see that the result 
would be very different. Their collisions would have, most pro¬ 
bably, the effect of reducing large j:>re-existing masses to smaller 
ones, and the collision of a large stone with a large iron would 
probably effect the driving of the stone ir.io fragments, while the 
iron would be liquefied so as to inclose some of the fragments in 
its mass. 

These operations of Nature might go on either in free space, 
or in the head of a comet, or in meteor-swarms. They probably 
cause the appearance of the so-called new stars, and in these 
various circumstances the rate of subsequent cooling would of 
course be very different, so that the results would be very 
different indeed. 

Large masses on collision probably destroy each other, produce 
fragments and vapour, which again condense. The heterogeneous 
structure is thus to a certain extent explained. On collision the 
part of the substance of the meteorite given up will depend on the 
temperature, and thus a mass of metallic iron mixed with silicates 
at low temperature will get rid of the iron at once, which must 
then perforce condense in a separate swarm; therefore under low 
temperature conditions, say at aphelion, irons alone will be formed 
and the stones will become spongy. The stones will absorb the 
C and H vapours. 

x Nature, vol. xvi. p. 413. 
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I have finally to express my great obligations to Messrs- 
Fowler, Taylor, and Richards, who have helped me in 
various ways in the researches embodied in this paper. 
Mr. Fowler, the assistant to the Solar Physics Committee, 
has made most of the observations on meteorites, and low-tem¬ 
perature spectra generally, which have been recorded on the 
maps, and he has carried out this work with a care, skill, and 
patience beyond all praise. The observations have in nearly 
every case been checked also by myself. Mr. Taylor, the Demon¬ 
strator of Astronomy, has been chiefly responsible for looking 
up the literature and mapping the results, in which he has been 
aided by Mr. Richards. 

J. Norman Lockyer. 


SJR JULIUS VON HAAST, F.R.S. 

CIENCE in Australasia, and especially in New 
Zealand, has recently sustained a great loss by the 
death, on August 16 last, of Sir Julius von Haast. He was 
born on May 1,1824. at Bonn, where his father was a wealthy 
merchant. After passing through the grammar-schools 
of Bonn and Cologne, he entered the University of Bonn, 
and devoted a considerable portion of his time to geo¬ 
logical and mineralogical studies. He then spent some 
years in France, and made journeys for the purpose of 
scientific exploration in Russia, Austria, and Italy. Being 
invited by an English firm of ship-owners to visit New 
Zealand on their behalf in order to report upon its fitness 
as a field for German emigration, he went to London, 
and accepted their offer after some negotiation ; and on 
December 21, 1858, he arrived at Auckland. The next 
day, by a lucky chance, the Austrian shipzVbwtm?—then 
on its voyage of scientific research—put into Auckland ; 
and when Dr. von Hochstetter was left behind, at the 
request of the New Zealand Government, he took Mr. 
Haast as his lieutenant and companion in all his journeys 
in these islands. After the departure of Hochstetter, Mr. 
Haast was engaged by the Provincial Government of 
Nelson to explore the west coast of the province, and in 
the journey undertaken in the pursuit of these duties he 
commenced his examination of the physical geography 
and geology of the Southern Alps. The results of the 
exploration were published in a report printed by the 
Nelson Government and dated January 1, 1861. 

Immediately after the conclusion of the Nelson journey— 
namely, in December i860—he undertook to report to the 
Government of the Province of Canterbury as to the 
possibility of constructing a tunnel through the hills which 
separate Christchurch from its port of Lyttelton ; and in 
the following year he was. appointed to the command of 
the Geological Survey of Canterbury, being thus the first 
Government geologist in New Zealand. It was in this 
capacity that he accomplished the most valuable part of 
his scientific work. The most striking of his achievements 
were the examination of the Mount Cook district ; the 
sketching and mapping out of the great glaciers of the 
Southern Alps, named by him the Tasman, Franz Joseph, 
Hochstetter, Hooker, and Muller glaciers, and many 
others; and the forecast and subsequent examination made 
of the auriferous districts of Westland. All this, with the 
geographical, zoological, botanical, and meteorological re¬ 
searches carried on side by side with the more exclusively 
geological work, was in continuation of what had been 
done in the Nelson or northern portion of the same 
mountain system. The results of his investigations were 
set forth in the chief book published by him—namely, 
“The Geology of Canterbury and Westland.” He was 
also the author of many papers in scientific periodicals. 

Last year he acted as New Zealand Commissioner at 
the Indian and Colonial Exhibition. Afterwards he 
visited Paris, Brussels, Berlin, Dresden, Vienna, Halle, 
Venice, Florence, a-nd other centres, obtaining a vast 
number of things for the Canterbury Museum, the flourish¬ 
ing condition of which is mainly due to his energy and 


zeal. His labour in connection with the Exhibition, and the 
subsequent wear and tear of travelling while in weak 
j health, appear to have overtaxed his strength, and he 
died of heart-disease a month after his return to New 
Zealand. 


NOTES. 

The fourth session of the International Geological Congress 
will be held next year in London. The Congress was founded 
at a meeting of the American Association for the Advancement 
of Science at Buffalo in 1876, the first session being held at 
Paris in 1878, the second at Bologna in 1881, the third at Berlin in 
1885. The following is a list of the Organizing Committee 
appointed to carry out the arrangements :—H. Bauerman, W. T. 
Stanford, F.R.S., Rev. Prof. T. G. Bonney, F.R.S., Prof. W. 
Boyd Dawkins,F.R.S., John Evans,F.R.S., Prof. W. H. Flower, 
F.R.S., Arch. Geikie, F.R.S., Prof. James Geikie, F.R.S., 
Sir Douglas Galton, F.R.S., Prof. A, H. Green, F.R.S., Rev. 
Prof. S. Haughton, F.R.S., Prof. T. H. Huxley, F.R.S., W. 
H. Hudleston, F.R.S., Prof. T. McK. Hughes, J. W. Hulke, 
F.R.S., Prof. E. Hull, F.R.S., Prof. J. W. Judd, F.R.S., 
Prof. J. Prestwich, F.R.S., F. W. Rudler, H. C. Sorby, F.R.S., 
Sir W. W. Smyth, F.R.S., W. Topley, Rev. Prof. Wilt¬ 
shire, Henry Woodward, F.R.S. The duty of this Committee 
will be to nominate the officers, to appoint Executive Com¬ 
mittees, and to fix the exact date of meeting. The Congress at 
Berlin requested that the meeting should be held in London 
between August 15 and September 15. 

Dr. Dawson, Assistant-Director of the Canadian Geological 
Survey, who headed the party sent by the Dominion Govern¬ 
ment to explore the country adjacent to the Ala-ka 
boundary, has returned to Victoria. Two of his party, 
Messrs. Ogilvie and McConnell, will winter in the dis¬ 
trict, preparing the way for tile establishment of the in¬ 
ternational boundary. The Expedition so far has secured a 
great deal of geological, geographical, and general information 
about the country, which is far from being the Arctic region it is 
sometimes represented to be. The point from which Dr. 
Dawson turned back was at the junction of the Lewis and Pelly 
Rivers. It is 1030 miles north of Victoria. There the flora 
was found to differ but little from that on the banks of the 
Fraser. A great deal of open grassy country exists along the 
stream’s tributary to the Yukon. No areas of tundra or frozen 
swamps, such as are to be met with in the interior of Alaska, were 
discovered by the Expedition. Dr. Dawson’s conclusion is that 
the whole country, from Cassiar to the vicinity of Forty-mile Creek 
on the Yukon River (which must be near the eastern boundary 
of Alaska), yields more or less gold in placer deposits. This 
would constitute a gold-bearing region fully 500 miles in length, 
and of indefinite width. 

AT a meeting of the Council of University College, 
Bristol, held on Wednesday, November 16, it was decided, at 
the suggestion of the staff of the College, to suspend for a year 
the office of Principal. Prof. Lloyd Morgan was in the mean¬ 
time appointed academical head of the College, and Chairman 
of the Educational Board, with the title of Dean. 

At the Royal Institution, Sir Robert Stawell Ball, the 
Astronomer-Royal of Ireland, will give a course of six lectures 
(adapted to a juvenile auditory) on Astronomy : the Sun, Moon, 
Planets, Comets, and Stars. The course will begin on Decem¬ 
ber 27. Courses of lectures will also probably be given by Lord 
Rayleigh (Professor of Natural Philosophy at the Royal Insti¬ 
tution), Dr. G. J. Romanes, Mr. Hubert Herkomer, Prof. C 
Hubert IT. Parry, the Rev. W. LI. Dallinvcr and Mr. William 
Archer. 
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